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Abstract—Surface passivation with a higher band gap shell has 
been shown to successfully reduce the density of surface states at 
the surface of nanowires. The effect of ultra-thin InP passivation 
layers of thicknesses ~3-5 nm coated on InAsP nanowires is 
investigated and compared to bare InAsP nanowires. The ultra-
thin passivation exhibited an improvement in carrier lifetime and 
mobility by approximately a factor of 3. Surface recombination 
velocity was decreased by at least a factor of 3. 
I. INTRODUCTION 
EMICONDUCTOR nanowires are favourable materials for 
nanoscale electronic and optoelectronic applications 
because of their excellent and unique properties. However, 
due to the large surface area-to-volume ratio intrinsic to 
nanowires, the electronic properties of unpassivated nanowires 
are strongly sensitive to surface states acting as a source of 
nonradiative carrier trapping sites within the band gap resulting 
in rapid decay of photoexcited carriers1,2. These surface states 
have normally been effectively suppressed by passivating the 
nanowires with a higher band gap material shell while 
maintaining optimal lattice matching between the core and 
shell. Usually, the passivation layer is about tens of nanometres 
thick, however, this makes it difficult to implement on a highly 
strained material and can also be detrimental for 
implementation in some devices. Thus, it is critical to achieve 
effective passivation using minimally thick films. 
Here, we have carried out transient terahertz conductivity 
measurements on unpassivated and passivated InAsP 
nanowires to assess and demonstrate the effect of an ultra-thin 
InP passivation layer on charge carrier lifetime, mobility, 
surface recombination velocity and photoconductivity. We 
have employed optical pump–terahertz probe (OPTP) 
spectroscopy, a non-contact room temperature technique3, to 
investigate and compare the carrier dynamics of InAsP 
nanowires of core diameter ~45 nm with that of InAsP 
nanowires passivated with ultra-thin InP shells of thicknesses 
~3-5 nm. We employed a photoexcitation energy of ~0.59 eV, 
just above the InAsP band gap. All measurements were carried 
out at room temperature and under dry atmosphere purged with 
nitrogen. 
 
II. RESULTS & DISCUSSION  
The scanning electron microscopy (SEM) images of the bare 
and passivated nanowires are shown in figure 1a and 1b 
respectively. The photoconductivity decays (t) obtained 
from transient terahertz conductivity measurements on the 
InAsP and InAsP/InP nanowires shown in figure 1c were fitted 
with single exponential functions at early times to assess 
surface recombination when the surface traps are originally 
unoccupied. The recombination in bare InAsP nanowires is 
clearly dominated by Shockley-Read-Hall (SRH) mechanism 
and the charge carriers decay rapidly on a timescale with 
lifetime  of ~120 ps. The passivated nanowires show 
considerably slower recombination due to the reduction of the 
surface states density by the highly effective ultra-thin InP 
shell. Charge carriers of the passivated nanowires decay slowly 
on a nanosecond timescale featuring a longer carrier lifetime  
of ~340 ps, therefore revealing an increase in the carrier lifetime 
by approximately a factor of 3 through the surface passivation 
technique. Additionally, the InP passivation enormously lowers 
the surface recombination velocity S by a factor of 3 compared 
to the bare InAsP nanowires leading to an enhancement of 
radiative recombination in the InAsP nanowires. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The photoconductivity spectra () of both nanowire 
samples at 20 ps after photoexcitation is presented in figure 1d 
The () spectra exhibited a strong Lorentzian response 
which is typical of plasmon modes of semiconductor 
nanostructures3,4. The Lorentzian function is described by 
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where N is the charge carrier density, e is the electronic charge, 
m* is the effective mass, 0 is the resonant frequency and   is 
the scattering rate. The spectra were fitted with the Lorentzian 
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Figure 1: Scanning electron microscopy (SEM) images of (a) bare InAsP 
nanowires of diameters ~45 nm and (b) Passivated InAsP nanowires of InP shell 
thicknesses ~3-5 nm. The images were taken at a tilt of 30˚. Scale bar is 200 nm 
for both samples. (c) Normalised photoconductivity decays of both nanowire 
samples on a semi-logarithmic scale. Straight black lines are monoexponential 
fits.  (d) Photoconductivity spectra () of both nanowire samples showing a 
strong Lorentzian response. Real and imaginary parts of the measured () are 
plotted. 
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function to extract the scattering rate . The scattering rate   
was therefore used to calculate the electron mobilities  of both 
nanowires by  = e/m*, where e is the electronic charge and 
m* is the effective mass. Using this relation, the extracted carrier 
mobilities are ~2400 cm2V-1s-1 for the passivated nanowires and 
~800 cm2V-1s-1 for the bare InAsP nanowires. Therefore, the 
surface passivation technique has improved the carrier mobility 
by a factor of 3. 
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